Abstract
Introduction
Out-of-hospital cardiac arrest (OHCA) is a major public health burden and associated with high morbidity and mortality rates worldwide [1] . Coronary artery disease is the most common cause of adult OHCA [2, 3] . Therefore, improved survival among OHCA survivor who underwent coronary angiography (CAG) can be easily anticipated because CAG enables immediate diagnosis and appropriate treatment including revascularization [4, 5] . The clinical benefit of CAG has been studied mostly for adult OHCA patients with initial shockable rhythm such as ventricular tachyarrhythmia [4, 5] . However, it is not well known whether performing CAG has clinical benefit in OHCA patient with initial non-shockable rhythms including pulseless electrical activity (PEA) and asystole.
Most improvement in the clinical outcome of OHCA has been derived from improved survival in OHCA with initial shockable rhythm [6, 7] , whereas OHCA with initial non-shockable rhythm still suffers from little improvement of very poor clinical outcome [8] [9] [10] [11] . In addition, the proportion of initial non-shockable rhythm to the initial shockable rhythm has increased consistently [12] [13] [14] . The aim of this study was to assess the association between CAG and clinical outcomes in adult non-shockable OHCA from Korean nationwide multicenter OHCA registry. Propensity score matching and inverse probability of treatment weighting analyses were applied to minimize indication bias.
Methods

Data source and study population
The Cardiac Arrest Pursuit Trial with Unique Registration and Epidemiologic Surveillance (CAPTURES) project was a Korean multicenter observational study conducted from January to December 2014 at 27 emergency departments (EDs) (9 level 1 EDs and 18 level 2 EDs). This project aimed to identify the risk factors of OHCA and to evaluate the prognostic factors in long-term follow up. The CAPTURES project included OHCA patients who were transported to the study EDs with resuscitation efforts and had a presumed cardiac etiology as identified by emergency physicians in each ED. OHCA patients with definite non-cardiac etiology such as trauma, drowning, hanging, poisoning, asphyxia, burn, hemorrhagic or ischemic stroke, or terminal illness were excluded. Clinical data were collected at each study ED and transferred to the central data server using EpiData version 3.1 (The EpiData Association, Denmark, Europe). A total of 1616 OHCA patients were registered in CAPTURES project. After exclusion of patients who could not achieve a return of spontaneous circulation (ROSC, N = 854), were not transferred by emergency medical service or lacks documentation (N = 66), age < 18 (N = 19), and initial sinus rhythm (N = 7), 670 OHCA patients consisting of 401 initial nonshockable rhythm and 269 initial shockable rhythm were enrolled in the analysis (Fig 1) . defibrillation, ED arrival at weekend or business hour, and first documented cardiac rhythm dichotomized as non-shockable or shockable rhythm. We also calculated time interval of response time (from EMS call time to EMS arrival time) and transfer time (from EMS arrival time to ED arrival time) based on timestamp of the medical record.
Cardiovascular risk factors including diabetes mellitus, hypertension and dyslipidemia were assessed if available. In-hospital data included intubated status, use of intravenous inotropic agent, CAG, revascularization by percutaneous coronary revascularization (PCI), mechanical circulatory support including intra-aortic balloon pump (IABP) or extracorporeal membrane oxygenation (ECMO), implantation of implantable cardioverter defibrillator (ICD) and targeted temperature management (TTM).
Study outcome
The primary outcome was survival with a favorable neurological outcome at discharge measured by the Glasgow-Pittsburgh cerebral performance category (CPC) scores at 30 days. Good and poor neurological outcome was defined by CPC = 1 or 2 and CPC = 3 to 5, respectively. The secondary outcome was all-cause death within 30 days. 
Statistical analysis
Ethics statements
The study protocol was approved by all Institutional Review Boards of 27 participating hospitals with waiver of informed consent. This study was financially supported by the Korea Centers for Disease Control and Prevention (2013-2014).
Results
Clinical characteristics
Compared to patients with shockable rhythm, patients with non-shockable rhythm were older (median age 67 versus 56 years), more likely to be female (34 versus 19%), and showed higher frequency of clinical risk factors (p < 0.001, all). Patients with non-shockable rhythm were less likely to be found at public location (23 versus 47%), be witnessed (68 versus 81%), and receive bystander CPR (39 versus 60%, p < 0.001, all). Time from EMS call to EMS arrival was not different between two groups but time from EMS arrival to ED transfer was shorter in nonshockable rhythm group compared to shockable rhythm (19 versus 24 minutes). Patients with non-shockable rhythm underwent more intubation (96 versus 87%), use of inotropics (82 versus 62%), but less CAG (13 versus 55%) and TTM (22 versus 45%, p < 0.001, all) ( Table 1) . When these clinical characteristics were classified by CAG, patients with non-shockable rhythm who underwent CAG were more likely to be found at public location (45 versus 20%), receive prehospital defibrillation (26% versus 6%), and TTM (43 versus 19%, p < 0.001, all). Patients with shockable rhythm who underwent CAG were less likely to receive an advanced airway (81 versus 96%) and more likely to receive TTM (55 versus 32%, p < 0.001, all). Among patients who underwent CAG, the frequency of ST-elevation ECG (21% versus 18%, p = 0.68) and the frequency of revascularization by PCI (38% versus 36%, p = 0.28) was not different between non-shockable and shockable rhythm ( Table 2) . 
Comparisons of clinical outcomes according to initial electrocardiogram rhythm and CAG
Patients with shockable rhythm showed much higher 30-day survival with good neurological outcome compared with patients with non-shockable rhythm (unadjusted HR = 3.2, 95% CI = 2.6-3.9, p < 0.001) (Fig 3A) . Intriguingly, performing CAG is associated with better clinical outcome in both non-shockable and shockable rhythm group (Fig 3B) . As shown in Table 3 , the unadjusted 30-day survival with good neurological outcome was more than 3-fold higher in patients underwent CAG compared with patients without CAG irrespective of initial rhythm (non-shockable rhythm group, HR = 3.6 (95% CI = 2.5-5.2); shockable rhythm group, HR = 3.7 (95% CI = 2.5-5.4), respectively, p < 0.001, all). After PSM or IPTW adjustment, the 30-day survival with good neurological outcome was still more than 2-fold higher in patients underwent CAG compared with patients without CAG irrespective of initial rhythm (PSM, non-shockable rhythm group, HR = 2.4 (95% CI = 1.5-3.8); shockable rhythm group, HR = 2.3 (95% CI = 1.5-3.7), respectively, p < 0.001, all; IPTW, non-shockable rhythm group, HR = 2.0 (95% CI = 1.5-2.7); shockable rhythm group, HR = 3.2 (95% CI = 2.2-4.7), respectively, p < 0.001, all). The superior clinical outcome of patients with CAG was also maintained when analyzed with the 30-day all-cause death (Table 3) .
Discussion
In this study based on a nationwide multicenter OHCA registry, we found that patients who underwent CAG after successful ROSC had better short-term survival with favorable neurological status than those who did not. The better clinical outcome of performing CAG was found not only in shockable OHCA but also in non-shockable OHCA. The result was also consistent after PSM and IPTW adjusted analyses. Prior observational studies have reported that CAG was associated with improved clinical outcomes in OHCA survivors [5, [15] [16] [17] [18] . Most previous studies have mainly included OHCA patients with initial shockable rhythm because acute coronary occlusion is a major cause of cardiac arrest with ventricular fibrillation/ventricular tachycardia. However, this study separately analyzed OHCA patients with non-shockable and shockable rhythm and then, assessed the association between CAG and clinical outcomes in each rhythm group.
Recent study has reported that an initial shockable rhythm was the strongest indicator of acute coronary occlusion requiring early PCI [19] . CAG enables early identification and revascularization of coronary arterial occlusion, which lead to improve clinical outcomes in shockable OHCA [5] . In this study, PCI was performed in nearly 40% of patients who underwent CAG irrespective of initial rhythm. Performing CAG may have a similarly beneficial effect on clinical outcomes in non-shockable OHCA.
Routine CAG has widely applied in OHCA patients with ST elevation on the post-ROSC electrocardiogram (ECG) because an acute coronary occlusion was found in more than half of these patients [20] and an early coronary revascularization improved survival and neurological outcome in these patients who underwent CAG with PCI [21] . However, several studies showed a high incidence of significant coronary occlusion in OHCA patients without ST elevation on post-ROSC ECG, ranging from 26% to 58% and an improved survival in these patients who underwent CAG with PCI [18, 19, 22, 23] . Thus, it is difficult to assess an acute coronary occlusion as the cause of arrest using post-ROSC ECG in OHCA setting because it lacks sensitivity and specificity to predict an acute coronary occlusion [22] [23] [24] . According to the 2015 American Heart Association guidelines, CAG is recommend for all patients with ST elevation and for unstable patients without ST elevation on post-ROSC ECG after OHCA of suspected cardiac cause [25] . The 2014 European Society of Cardiology guidelines on myocardial revascularization have also recommended a routine immediate CAG in all OHCA survivors without an evident non-coronary cause irrespective of the post-ROSC ECG pattern [26] . One recent large cohort study emphasized the use of routine CAG in OHCA survivors as a standard postcardiac arrest protocol [19] . Taken together, the present results may support the use of CAG for all OHCA survivors with suspected cardiac cause irrespective of initial cardiac rhythm. Further analysis may be needed to evaluate whether early CAG with revascularization improves clinical outcomes in non-shockable OHCA.
Limitations
The present study has the following limitations. First, the study population size was relatively modest and especially the size of CAG group in non-shockable OHCA was small though this study used a nationwide multicenter registry. Second, post-ROSC ECG was missing in about half of CAPTURES registry. The indication for CAG were not pre-specified. Thus, it was possible that patients with STE on post-ROSC ECG were mainly selected for CAG by clinical assessment of physicians in each institution. It might lead to indication bias. Even PSM and IPTW Abbreviations: OHCA, out-of-hospital cardiac arrest; PS, propensity score; IPTW, inverse probability of treatment weighting; CAG, coronary angiography; HR, hazard ratio; CI, confidence interval; CPC, cerebral performance category.
analyses may be insufficient to count multiple factors such as functional status, comorbidities and family or social factors. Interestingly, INCAR registry, which was conducted in 34 centers in Europe and USA, showed 25% CAG rate for initial non-shockable rhythm, which is similar to 26% in our study [1] . However, to overcome selection or indication bias, further investigation whether early CAG with revascularization improves clinical outcomes in non-shockable OHCA would be required. Third, we used first cardiac rhythm documented by EMS, which did not account for patients' arrest rhythm and subsequent rhythm changes between EMS arrival and hospital arrival. In this study, CAG group in non-shockable OHCA had more PEA and prehospital defibrillation, which might indicate that they had more changes to subsequent shockable rhythm before hospital arrival. In previous studies, OHCA with initial PEA and the change from non-shockable to shockable rhythm had better clinical outcome than OHCA with initial asystole and without the change from non-shockable to shockable rhythm, respectively [27, 28] . Thus, higher proportion of PEA and prehospital defibrillation might contribute to improved survival of CAG group in non-shockable OHCA. Nevertheless, to the best of our knowledge, no previous studies analyzed separately non-shockable and shockable rhythm to evaluate the association CAG and survival with good neurological outcome after OHCA. Therefore, our finding is notably significant due to the potential impact of CAG on treatment for OHCA survivors.
Conclusion
In a Korean nationwide multicenter study of OHCA (CAPTURES), CAG was significantly associated with improved survival with good neurological outcome for adult OHCA patients of presumed cardiac cause with initial non-shockable rhythms. It suggests that CAG may be beneficial to adult non-shockable OHCA as well as to shockable OHCA. Further randomized controlled trials would be required to confirm the potential benefit of CAG and early revascularization for adult non-shockable OHCA.
